June I01 1952 G.B. ARNOLD ETAL 2,600,182 
REFINING KEROSENES AND GAS 01L BY TERNARY AZEOTROPIC 
DISTILLATION WITH FURFURAL AND WATER 
Filed May 12, 1948 



Patented June 10, 1952 2,600,182 

UNITED STATES PATENT OFFICE 

2,600,182 
IEFINING KEIOSENES AND GAS OIL BY 
TEINAIY AZEOTIOPIC DISTILLATION 
WITH FUIFUIAL AND WATEI 
George B. Arnold, Glenham, and Louis Kovach, 
Beacon, N. Y., assignors to The 'Texas Company, 
New York, N. Y., a corporation of Delaware 
Application May 12, 1948, Serial No. 26,688 

 Claires. (CI. 202--42) 

1 
This invention relates to refining of oil involv- 
ing azeotropic distfllation with a solvent liquid 
which is at least partia]ly miscible vith water at 
ordinary temperatures and particularly relates to 
the treatment of off containing at least a small 
proportion of constituents having true bofling 
points in the range of the solvent bofling tem- 
perature and below. 
In accordance with the invention, low boiling 
off, such as kercsene and gas oils, is extracted 
with a selective solvent such as furfural in _he 
presence of water or another suitable azeotroping 
. agent in a distilling zone under conditions ef- 
fective te form a ternary azeotrope with the 
desired off constituents of the feed off. The dis- 
tfllate contaoEning the azeotrope and a residusl 
liquid containing residue oil are separately with- 
drawn from the distillation zone. 
The invention has application to the refining 
of kerosenes and gas ofls o remove aromatic con- 
stituents, unsaturated hydrocarbons, including 
naphthenes as we!l as olefins, and sulfur com- 
pounds. The resulting refined ofls are thus more 
parafiïnic in character and therefore more suit- 
able as burning ofis ,and diesel oils, as the case 
may be. 
According to one mode of operation, the azeo- 
tropic distillate is condensed and cooled to ap- 
proxirnately atmospheric temperature or to a 
temperature of about 100 ° F. and subjected to 
settlïng, so that separation into three liquid 
layers occurs. Thus when water is used as the 
azeotroping agent, the three layers so formed 
upon settling, comprise an oil-rich liquid layer, 
a water-rich liquid layer, and .a solvent-rich 
liquii layer The solvent-rich Iiquid is recycied 
fo the distillation zone, and residual sotvent is 
recovered from the ofl,rich and wter-rich 
liquids teaving a solvent-free refined off as will 
be described later in more detafl 
According to another modification of the proc- 
ess of the invention, the azeotropic distillate is 
condensed, either without substantial reduction 
in temperature or witheut cooling, to a tempera- 
ture at which two phase separaton occurs. The 
hot condensate so obtined is subjected o settling 
in a primary settling zone wherein displacement 
of off from water occurs. The displaced oil, re- 
taining .a large amounç of solvent, is separatel 
sub]ected to settling in  secondary settling zone 
ai a temperature substantially below the terri- 
perature of miscibflity of its censtituents' so as 
to effect recovery of the sotvent in eoncentrated 
form suitable for recycling te the distillat-ion 
zene. lesidual solvent is recovered from this 
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secondary off layer and also from the primary 
water-rich liquid by distiHation as will be dis- 
cussed later. 
A further modification of the process of the 
5 invention involves .carrying out the primary 
azeotropic distillation so as to form a residual 
liquid which comprises a solution of residue off 
in solvent. This residual liquid solution is sub- 
jected to azeotropic distfllation to effect recovery 
]0 of solvent and produce substantially solvent- 
free residue off in a manner which will be de- 
scribed in more detail. 
In Patent No. 2,534,382, dated Dec. 19, 1950, fo 
l¥illiam E. Skelton and George B. Arnold, one 
15 of the present joint appliants, there is disclosed 
a process for refining light oils which involves 
conventiona] liquid-liquid solvent extraction Of 
the off coupled with azeotropic distfllation of the 
resulting rafiïnate and extract phase .mixtures 
20 for recovery of the solvent. In these operations, 
however, azeotropic distfllation is utflized only 
to effect recovery of the solvent from either the 
rafiïnate or extract off or both. The presen in- 
25 vention distinuishes therefrom by employing 
azeotropic distfllation in effecting the init'ml 
separation of the feed off into refmed off and 
residue analogous to rafiïnate and extract phases 
of solvent refining. The present invention also 
distinguishes from azeotropic-extractïve distil- 
30 lations as heretofore practiced by conducting the 
operation in the presence of a sufficient amount 
of water or other ,agent so as to form a ternary 
azeotrope rather than a binary azeotrope with 
all of the rafiïnate phase discharged from the 
35 prirnary extraction zone. 
Ternary azeoropic distillation involves con- 
siderably more than merely adding water to a 
binary distfllation. Binary azeotropes and ter- 
40 nary azeotropes have different properties and 
different limitations. 
Binary azeotropes of a solvent and. hydrocar- 
bons boiling above the bofling point of-the sol- 
vent all boil .a few degrees lower than the true 
4 bofling point of the solvent. Ternary azeotropes» 
on the other hand, consising of water, furfuraI 
and hydrocarbon, all boil in the rance about 208 
to 210 ° F. under standard conditions of pressure. 
Binary azeotropes of a solvent and hydrocar- 
0 bons boiling below or in a range including the 
boiling point of the solvent boil over a range a 
few degrees below the true boiling range of the 
hydrocarbons. Ternary azeotropes of these 
drocarbons with water and furfural, on. the other 
 h.and, boil. below the bofling point of water, re- 
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gardless of the bofling point of the hydrocarbons 
bofling above 212 ° F. 
Separation of hydrocarbon mixtures by binary 
azeotropic distillation is in geners,1 limited to 
fractions of relatively narrow bofling range. 
Ternary azeotropic distillation may be applied 
hydrocarbon fractions of relatively wide bofling 
range. Ternary azeotropic distfllation using 
water permits the separation of hydrocarbon 
mixtures whose bofling range is above the bofl- 
ing point of water, .and which may include the 
bofling point of the solvent. 
In order to describe the invention, reference 
will now be made to Fgures 1 and 2 of the ac- 
companying drawing. The drawing sers forth 
a method of flow which is particular!y suitable 
for the refining oï kerosene using ïurfural as a 
selective solvent and water to form the ternary 
azeotropes. 
As indicated in the ch-awing, kerosene is con- 
ducted from a source hot shown through a pipe 
[ and introduced to about the raid-point of a 
distitlation column. The furïural is supplied 
either through pipe 3 leading fo the upper por- 
tion of the column or through pipes 4 and 5 into 
the intermediate portion of the tower along with 
the feed oil. The solvent is introduced to the 
column in the proportion of about one-half to 
one volume per volume of kerosene, and, prefer- 
ably, in the proportion of about one volume per 
volume oï kerosene. 
The column is provided with a reboiler 6 to pro- 
vide heat for distillation. It wfll be understood 
that provision can be ruade for preheating the 
entering solvent and off by suitable heat exchange 
or direct heating, such provision not being in- 
dicated in the drawing. 
Column .2 can be operated under atmospheric 
or elevated pressures and can also be operated 
so that the residual liquid drawn off from the 
bottom of the tower consists of solvent-free or 
substantially solvent-free residue off which can 
be discharged through pipe 
When so operated as to produce solvent-free 
residue off, the temperature at the top oï the 
column 2 is maintained at about 275 ° F., whfle 
solvent and kerosene are introduced in the 
proximate relative proportions of one to one. 
Vater is supplied in the proportion of about one- 
eighth to one of solvent plus kerosene. Under 
such conditions, the distillate produced from the 
column will consist of ternary azeotrepes or 
reflned oil hydrocarbons, furfural and water, the 
reflned off amounting to approximately 50-80% 
by volume of the ïeed oil. This distillate is dis- 
charged through pipe t8 and a condenser cooler 
ri. The resulting cooled condensate at a tem- 
perature of about î00 to 150 ° F. is conducted 
through pipe [2 to a settling vessel 
In the vessel [3, separation into an ofl-rich 
liquid layer, water-rich liquid layer, and a sol- 
vent-rich liquid layer occurs. The solvent-rich 
liquid is continuously drawn off through pipe 
for return to the column 2. This recycled solvent 
is saturated with water, and will thus contain 
about 4-7% water by volume. It may also re- 
tain a small amount of residual oil--approxi- 
mately 5 to t5% by volume. 
The reflned off layer containing about 4 to t0% 
ïurfural is continuously drawn off through pipe 
! 6 to a secondary column [ 7 wherein it is subject- 
ed to azeotropic distfllation in the presence of wa- 
ter. This column is also provided with a re- 
boiter [ 8, and provision is ruade ïor supplying 
ter reflux to the top of the column. Thus a por- 
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tion of the previously mentioned water-rich liq- 
uid drawn off through pipe 14 ïrom the settler 
13 is conducted through braneh pipe t9 to sup- 
ply this reflux liquid. Iï desired, a ïurther por- 
5 tion of this water may be injeeted ïrom branch 
pipe 28 into the lower portion 
to provide a stripping action to aid in distilling 
residual solvent ïrom the raflinate off. Solvent- 
free reflned off is discharged through pipe 
0 The resulting distillate comprising water, off 
and residual solvent is removed through pipe 22, 
condenser 23 and pipe 24 to the previously men- 
tioned settler  3. 
As indicated, a portion oï the water-rich liq- 
]5 uid ïrom pipe 14 is diverted ttn'ongh pipe 38 and 
branch pipe 31 communicating with pipes 32 and 
33. Pipe 32 thus permits supplying some of this 
water as reflux to the primary column 2, while 
pipe 33 permits supplying some of it to the lower 
20 portion thereof for stripping purposes. If de- 
sired, provision may be ruade for intreducing open 
steam from a source not shown through pipe 34. 
The surplus water not recycled to columns 
and 7 is discharged through pipe 3. Since it 
25 still retains a small amount of residual solvent, 
it can be passed to a suitable fractionator for 
the recovery of this residual solvent. 
By way of example, when operating in the 
manner just described, a kerosene feed off hav- 
30 ing the following physical characteristics was 
charged to the middle of the column 2: 
Gravity--A. P. I ....................... 40.4 
Aniline point .......................... 130.5 
Sulphur weight, per cent ............... 0.19 
35 Refractive index ....................... 1.4551 
Color, A. S. T. M ........................ 2 / 
Distillation--A. S. T. M.: 
I. B. P ............................... 360 
40 10 % ................................. 384 
50% ................................. 401 
90% ................................ 440 
End point ........................... 494 
Furfural was charged to the column at the 
45 rate of 423 volumes per hour, whfle the kerosene 
was charged at the rate of 397. Vater was in- 
jected at the top of the column at the rate of 
volumes per hour, and at the bottom oï the col- 
umn at the rate oï 104 volumes per hour. 
50 The temperature at the top of the tower was 
maintained aç about 266 ° F., the pressure being 
approximately atmospheric. The resulting dis- 
tfllate was condensed, cooled, and subjected to 
separation of 100 ° F. The resulting ofl-rich 
55 phase amounted to 225 volumes, the water-rich 
phase, 95, and the ïurïural-rich phase, 475 vol- 
umes per hour, The residue off drawn off from 
the bottom of the column amounted to 361 vol- 
umes per hour. 
6O The off recovered ïrom the distillate oil-rich 
phase possessed the ïollowing characteristics: 
ravity--A.P.oE ........................... 44.0, 
Aniline point ........................... 143.6 
65 Sulphur weight, per cent ................. 0.077 
Reïractive index ........................ 1.4445 
Color, Saybolt ............................ -3{ 
In the event that the primary column 2 is oper- 
ated so that the residual liquid removed ïrom the 
70 bottom thereoï comprises a solution of residue 
off in solvent, this residual liquid stream is con- 
ducted through pipe 
substantially simflar to those previously de- 
scribed, and wherein the resdual liquid is sub- 
75 ected to ternary azeotropic distillation in a sub- 
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stantially similar manner to that conducted in 
column 7, and so as to produce solvent-free 
restdue off. The latter iæ discharged through 
pipe 42. 
The resuIting distiIlate is removed through 
pipe ,43, condenser cooler 44 and pipe 45 to a 
seftler 46. In this settIer, separation into three 
liquid layers occurs. The solvent-rich liquid is 
wiLhdrawn from the bottom of settler 46 through 
pipe 47 and recycled to the primary column 2. 
The water-rich liquid is drawn off through 
pipe 48, part being diverted through pipe 49 for 
recycIing to coIumn 41 by means of branch pipes 
50 and 51. The non-recycled portion is dis- 
charged through pipe 52. It tan be treated 
aIong with that discharged through pipe 35 in a 
final fractionator to recover residual solvent. 
The oil-rich layer collecting in settler 46 may 
be discharged as such through pipe 53 in which 
case it can be conducted through pipe 54 to the 
residue off stream discharged through pipe 42. 
If can also be recycled to the system, for ex« 
ample, by passage through pipe 55 communicat- 
ing with pipe 15 or by passage through pipe 
tobe combined with refined off in pipe 
Figure 2 refers to the modification wherein 
the distillate from the primary column is sub- 
jected fo staged settling at different tempera- 
tures. In this operation, the distfllate drawn 
off through pipe 10 is subjected to condensing 
in condenser II to forma hot condensate at a 
temperature of about 0.50 ° F., and such that 
water separates fron the oil-furfural mixture. 
The hot condensate is passed to a primary 
settler 60 maintained at about .50 ° ]. and under 
sufllcient pressure to maintain liquid phase con- 
ditions therein. In thïs settler, the mixture 
separates into a primary off layer comprising 
about equal parts by volume of off and furfural 
plus a fraction of a per cent of water and a lower 
layer or aqueous ]ayer comprising about 85% 
water, 14% furfural and 1% off. The tempera- 
ture in the primary settler is chosen so as to effect 
binary phase separation, the oil-solvent phase be- 
ing substantially free from waLer or containing 
not more than about 1% by volume. 
The aqueous layer is drawn off through a pipe 
6|, and a substantiai portion thereof is diverted 
through pipe 31 for return to Lhe refining tower 
2 as has been described in connection with 
Figure I. 
The prirnary off layer is drawn off from the 
upper portion of the settler 66 through a pipe 
62 and passed through a cooler 63 wherein itis 
cooled to about 100 to 125 ° P. such that separa- 
tion into two layers occurs in a settler .64. The 
upper or secondary off layer comprises about 94 % 
oil and 6% furfural. The bottom or solvent 
layer comprises about 85.% furfural and 15% off. 
This furfural Iayer is drawn off through pipe 
66 and returned to the refining tower 2 as re- 
cycled solvent. 
The secondary off layer is drawn off from the 
settler 64 through a pipe 66 fo the distilling 
column |7 which has been described in con- 
nection with Figure 1. As in the case of Figure 
1, the rened off is drawn off from the bottom of 
the column |7 while the smail amount of re- 
siduai solvent recovered as distillate therefrom 
is conducted through pipe 22, cooler 23 and pipe 
24 for return to the primary settler 66. 
A portion of the aqueous layer from the bot- 
tom of the primary settler 66 is conducted 
through pipe 66 for introduction fo the tower 
in a raanner similar to that aiready described 

in connection with Figure 1, Likewise, the non- 
recycled or surplus portion of the aqueous layer 
from the primary settler 66 is drawn off through 
pipe 36 to a fractionator for recovery of the 
,5 smalI amount of residual solvent contained 
therein. 
The extractive-azeotropic distilIation oper- 
ation in the refining tower 2 may be carried out 
under super-atmospheric pressure; for example, 
]0 it may be carried out under pressures of ton to 
twenty-five pounds per square inch gage or suf- 
ficient to provide the pressure necessary to main- 
tain liquid phase conditions in the staged set- 
tling zones described in Figure 2. 
]5 While mention has been ruade of subjecting 
the oil-rich liquid streams from the settling vos- 
sel |3 to azeotropic distillation, nevertheless, it 
is contemplated that other procedures may be 
employed for recovering the residual solvent 
20 from the rened 0il, such as water washing. 
The resulting washed water containing ex- 
tracted solvent should thon be treated in a 
separate fractionator for concentration of the 
solvent, or contacted with a stream of feed off 
25 under conditions such thaL the feed off would 
extract the furfural from the water. 
In operation the primary azeotropic refming 
column 2 is operated under conditions fo permit 
maintaining the highest top tower temperature 
30 compatible with good refining action. The sol- 
vent recovery columns |7 fo 4| are operated at 
the highest temperature compatible with a 
reasonable amount of off in the distillate not in 
excess of about 30%. 
35 Although. treatment of kerosene has been 
specificaily referred fo in connection with the 
drawing, it should be understood that the process 
is applicable to the treatment of other low boil- 
ing oils, including gas oils and oils of either virgin 
io or cracked type. In general, the invention has 
application fo the treatment of hydrocarbon mix- 
tures having an A. S. T. M.'boiling range of about 
275 ° to 600 °. It is also contemplated that iL has 
application to the treaLment of oils derived from 
45 animal and vegetable sources. Specific condi- 
tions of temperature and solvent dosage may vary 
from those specifically mentioned, depending 
upon the character of the feed off undergoing 
treatment end Lhe degree of fractional separation 
50 desired. 
Other solvents besides furfural may be used. 
IL is contemplated using relatively high boiling 
organic solvent liquids which are miscible, at least 
to some extent, with water ata temperature of 
55 about 100  F., and with which the refined off 
constituents of the off feed in the presence of 
water form azeotropes. In place of furfural, 
other members of the furan group may be used 
as well as other aldehydes such as benzaldehyde. 
60 other solvent compounds are nitrobenzene, 
ketones, phenols and amines. 
Obviously many modifications and variations 
of the invention as above set forth may be made 
without departing from the spirit and scope 
65 thereof, and, therefore, only such limitations 
should be imposed as are indicated in the ap- 
pended claflns. 
We claim: 
1. In the refining of a minerai feed off boiling 
ï0 within the range about 275 to 600 ° . containing 
both saturated and unsaturated constituents, 
said saturated constituents being capable of 
entering into ternary azeotrope' formation with 
furfural in the presence of water, fo separate 
75 therefrom a fraction enriched in said saturated 
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constituents by azectrcpic distillation with a 
polar solvent liquid comprising furfural, the 
method comprising continuously passing fresh 
feed cil and æaid polar solvent fo a primary 
distillation zone, subjecting said oil to azeotropic 
distillation therein in the presence of water and 
said solvent, supplying water and said solvent to 
said primary distillation zone in amounts suï- 
ficient to forma distillate consisting essentially of 
a ternary azeotropic mixture of water, solvent 
and saturated constituents of off, and contain- 
ing at least about 50% of the feed off entering the 
extraction zone, and said azeotropic mixture boil- 
ing below the boiling temperature of water under 
the pressure prevafling in said zone, continuously 
and separately withdrawing from said zone said 
distfllate and a residual liquid containing un- 
saturated constituents of the feed off, condensing 
said distillate, subjecting resulting condensate to 
stratification in a settling zone af a temperature 
in the range about 100 to 150 ° F., forming in said 
settling zone a water-rich liquid layer, an ofl-rich 
liquid layer and a solvent-rich liquid layer, re- 
cycling at teast a portion of said solvent-rich 
liquid to said primary distfllation zone, passing 
said oil-rich liquid to a secondary distfllation 
zone, injecting a portion of said water-rich liquid 
as reflux to said secondary distillation zone, sub- 
jecting the oil-rich liquid to azeotropic distilla- 
tion therein to remove aqueous solvent as a dis- 
tillate therefrom, recycling said last mentioned 
distfllate te the aforesaid settling zone and with- 
drawing substantially solvent-free off as residual 
liquid from said secondary distillation zone. 
2. The method according to claire 1 in which 
another portion of said water-rich liquid is passed 
to the lower section of said secondary distillation 
zone. 
3. In the refining of a feed off of the class 
of kerosene and gas off containing paraflinic 
and relatively non-paraiïinic constituents to sep- 
arate therefrom a fraction enriched in paraiïinic 
constituents by azeotropic distillation in the pres- 
ence of water and a polar solvent liquid compris- 
ing furfural, the method comprising continuously 
passing fresh feed off to a primary distillation 
zone, subjecting said off to azeotropic distillation 
therein in the presence of water and said solvent, 
supplying said water and solvent to said zone in 
amounts suiïicient to forma distillate consisting 
essentially of a ternary azeotropic mixture of 
water, solvent and paraiïinic constituents of the 

cil and containing at least the major portion of 
the paraflinic constituents of the feed off, con- 
tinuously and separately withdrawing from satd 
zone said distillate and a residual liquid contain- 
5 ing non-paraflinic constituents of the feed off, 
condensing said distillate, subjecting the con- 
.densate to stratification in a settling zone ata 
temperature in the range about 100 fo 150 ° F., 
forming in said settling zone water-rich, oil-rich 
]0 and solvent-rich liquid layers, respectively, 
recycling at least a portion of said solvent-rich 
liquid to the extraction zone, passing said oil-rich 
liquid to a secondary distillation zone, injecting 
a portion of said water-rich liquid as reflux to 
]5 said secondary distillation zone, subjecting the 
ofl-rich liquid to azeotropic distillation therein to 
remove aqueous solvent as a distillate therefrom, 
recycling said last mentioned distillate fo the 
aforesaid settling zone and withdrawing substan- 
20 tially solvent free off as residual ]iquid from satd 
oeecondary distillation zone. 
4. The method according fo claim 3 in which 
another portion of said water-rich liquid is passed 
to the lower portion of said secondary distillation 
25 zone. 
GEORGE B. ARNOLD. 
LOUIS KOVACH. 
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